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It  has previously been  reported  from this  laboratory that  in  synthetic 
medium of Fildes containing hydrolyzed casein Staphylococcus muscae virus is 
released without  visible lysis  of the host cell (1).  Lysis  of the cell did eventually 
occur in this system,  but only  after the phage was released.  These observations 
were confirmed not only  by turbidimetric readings but also by direct microscopic 
examination of the infected cells.  It will be shown in this paper that (a) in a 
synthetic medium with a  high multiple infection of virus~ virus release  is 
correlated with cellular  lysis in contrast to a very low multiple infection in 
which virus release occurs without visible lysis although the final yield of virus 
is the same in both cases and (b) a non-dialyzable substance extracted from 
yeast when added to a cell infected with a very low multiple infection results in 
virus liberation being correlated with cellular lysis, although the final yield of 
virus liberated per cell is not affected. 
EXPERIMENTAL RESULTS 
Fig. 1 shows the effect of a low and high multiple infection on the release of 
the virus in synthetic medium of Fildes containing hydrolyzed  casein.  With a 
high multiple infection,  virus liberation is correlated with cellular lysis.  With a 
very low multiple infection virus liberation occurs before observable  cellular 
lysis.  The final yield of virus per cell is the same in both instances.  Virus 
liberation begins at the same time in both instances. 
The next question was whether the virus particle itself was accelerating lysis 
in multiple infection or whether something else in the lysate was the active 
lysing  agent.  In order to answer this question phage solutions were inactivated 
in three ways: (a) Shaken at 37°C. atpH 5.0, (b) shaken at 37°C. at pH 9.0, 
and (c) heated at 50°C.  Samples were removed at short intervals.  When the 
phage titer had dropped so that the addition of the phage solution would result 
in a  low  multiple infection, the  treated solutions were  added to bacterial 
cultures.  In all three cases, the virus was liberated before cellular lysis, while 
in the control tube containing a sample of untreated virus which gave a multiple 
infection of about 7, cellular lysis occurred  30 minutes sooner and was cor- 
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related with virus liberation.  By centrifugation at 10,000 R.P.M. for 90 minutes, 
it was also possible to show that the virus particle itself was the active lysing 
agent.  Finally  phage,  purified  by  differential  centrifugation  as  described 
previously (2), also caused the cells to lyse sooner when used in a high multiple 
infection.  All the evidence therefore indicates that it is the virus particle itself 
which is  accelerating cellular lysis  under  the  conditions of a  high multiple 
infection. 
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1~O. 1.  The effect of high and low multiple infection on the release of a bacterial 
virus.  Two tubes, A and B, containing 10.0 ml. of synthetic medium plus S.0 rag. 
of hydrolyzed casein were inoculated with 1.0 ×  10  s ceils prepared as described under 
Methods.  They were incubated 1 hour at which time the ceil count was 1.1  ×  l0  s 
cells per ml.  Tube A then was inoculated with virus to give 2.8 ×  l0  s virus particles 
per m[. and tube B was inoculated with virus to give 1.2 X 10  9 phage particles per ml. 
TurbidhnetHe measurements  and phage counts were then taken at intervals. 
The next experiments were designed to test the theory that lysis observed in a 
very low multiple infection was due to the readsorption of the released particles 
which would then result in a high multiple infection and consequently cellular 
lysis.  To do this experiment two tubes, A and B, were set up, with the cells 
being infected with a very low multiple infection.  After 70 minutes, at which 
time all the virus had been released into the medium, the ceils in tube B were 
centrifuged out and resuspended in fresh synthetic medium.  If lysis under con- 
ditions of a very low multiple infection was due to the readsorption of released 
particles, then tube A should have lysed before tube B.  However, both tubes 
lysed at the same time, cellular lysis in tube A beginning at 98 minutes and in 
tube B,  100 minutes.  This experiment was repeated three more times with Wn~STON H.  PRICE  483 
tubes A  and B  lysing not more than  8  minutes  apart.  These experiments, 
together with the experiment shown in Fig.  1, in which the virus count  con- 
tinuaUy rises and then reaches a plateau and remains constant, indicate that 
after cells have released their phage they are no longer capable of readsorbing 
phage.  If the cells were able to readsorb phage, one would expect a drop in the 
virus titer sometime after the virus was released as is observed when one multi- 
ple infects normal cells (eft Fig. 1, tube initially infected with a high multiple 
infection).  This drop in titer did not occur (cf. Fig.  1, tube initially infected 
TABLE I 
The Effe¢~ of the Yeazt Fraz$~n on Virus L~hera~ion 
Two tubes, A and B, were set up containing 10.0 ml. of synthetic medium plus 5.0 rag. of 
hydrolyzed casein.  Both  tubes were inoculated with  1.0  X  108 cells per nil.  Tube A 
received 0.2 ml. of H~O and tube B, 0.2 ml. of yeast fraction (340  ~, of N).  The tubes were 
then incubated for 1 hour at which time the count was 1.4 X  108 cells per ml.  Each tube 
then received 0.1 nil. of virus solution to give a virus titer of 3.8 X  l0  s particles per ml. 
Turbidimetrlc measurements and phage measurements were then taken every 10 minutes. 
Experiment  Sample  7 NfractionOf  yeast  Multiplicity  Onset  Be~i  .nningot  vn'us  VirUSlibemtedParticles 
per 10.0 ml.  of infection  of lysis  liberation  per cell 
1  A 
B 
A 
B 
A 
B 
m 
340 
340 
340 
1.3 
1.6 
1.6 
1.1 
1.1 
1.7 
90-100 
5O-6O 
8O-9O 
40-50 
100-110 
50-60 
Mis. 
5O-6O 
5O-6O 
40-50 
40-50 
50-60 
50-60 
31 
34 
38 
31 
41 
36 
with a low multiple infection).  However, more work should  be done to make 
certain of this point. 
The Effect of the Yeast Fraction 
A non-dialyzable fraction was isolated from dry yeast which when added to 
cells infected with a  very low multiple infection resulted in virus liberation 
being correlated with cellular lysis (Table I).  It can also be seen that the yeast 
fraction accelerates the lysis of the infected cells.  There is no effect on the 
final yield of virus per cell.  This indicates that the yeast fraction is concerned 
with the lytic process and not with virus formation.  The yeast fraction has no 
observable effect on the cells in the absence of the virus. 
By varying the concentration of the yeast fraction under the condition of a 
low multiple infection, it is possible to vary the time of lysis as shown in Table 
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TABLE H 
The E.gec~ of Varying Concentrations of the Yeast Fraction on Cdlul~ Lysis 
The conditions were the same as described in Table L  Varying amounts of the yeast 
fraction were added  to separate  tubes.  The multiplicity of infection was approximately 
1.4 in all samples. 
Sample  */N yeast fraction  Onset  Beglnnnlg of  V'~rus ~ides 
per 10.0 ml.  of lyeis  virus liberation  liberat&l per cell 
340 
170 
85 
42.5 
~fL 
100-110 
60-70 
60-70 
8O-90 
100-110 
60-70 
60-70 
60-70 
60-70 
60-70 
40 
32 
36 
43 
37 
TABLE HI 
The E.~ec~  of  High Mulsiple  Infection  and the Yeast  Fraclion  on the Liberat4on  of  the Virus 
Four tubes, A, B, C, and D, were set up containing 10.0 ml. of synthetic medium plus 5.0 
mg. of hydrolyzed casein.  All tubes were inoculated with bacteria to give 1.0 X  10  e ceils 
per mL  Tube A received 0.2 ml. of water, tube B, 0.2 ml. of yeast fraction containing 3407 
of N  of the yeast fraction, tube C, 0.2 mL of water, and tube D, 0.2 ml. of yeast fraction 
(3407 of N),  The four tubes were then incubated 1~ hours.  At this time the cell count was 
approximately 1.2 X  I0  s cells per mL in all tubes.  Tubes A and B were inoculated with virus 
to give 3.2 X  10  a particles per ml.  Tubes C and D  were inoculated with the virus to give 
1.8  X  10  e particles per ml.  Turbidimetric readings and phage determinations were then 
carried out every 10 minutes. 
Experiment  Sample 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
~, N  of Feast 
fracUon 
per 10.0 ml. 
34O 
34O 
34O 
340 
340 
340 
Multil~icity 
of infection 
1.3 
1.8 
7.1 
6.3 
1.7 
1.1 
6.3 
7.6 
1.2 
1.8 
6.1 
7.2 
Onset of lysis 
mlft. 
100-110 
60-7O 
60-70 
60-70 
11~1~ 
60-~ 
60-70 
60-70 
90-100 
40-50 
40-50 
40-50 
Og virus 
liberation 
m~s. 
60-70 
60-70 
6O-70 
60-70 
60-70 
60-70 
60-70 
60-70 
40-50 
40-50 
40-50 
40-50 
Virus particles 
liberated 
per cell 
i 
41 
36 
34 
31 
37 
31 
44 
34 
51 
41 
46 
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to lyse, the yield of virus formed per cell is the same.  Furthermore,  in all 
instances, virus release begins at the same time. 
Table III shows that infected cells treated with the yeast fraction behave as 
ceils infected with a high concentration of virus.  It should be noted that lysis 
starts  approximately  at  the  same  time  in  the  latter  two  instances.  The 
addition  of the yeast fraction to ceils infected with a  high number of virus 
particles does not cause lysis to occur sooner than without the yeast fraction. 
In Table IV the effect of adding the yeast fraction at various times to cells 
with a  very low multiple infection is illustrated.  The sample to which  the 
TABLE  IV 
The Effect of Adding the Yeast Fraction at Various Times on Virus Liberation  from the Host Cell 
Three tubes, A, B, and C, were set up containing 10.0 m]. of synthetic medium plus 5.0 
rag. of hydrolyzed casein.  The three tubes were then inoculated with 1.0 X 108 cells per ml. 
Tube A then received 0.2 ml. of water and tube B, 0.2 ml. of yeast fraction (340 qt of N). 
The tubes were then incubated 1~ hours at which time the cell count was 1.2 X 10  s cells per 
ml.  All three tubes were then inoculated with virus to give 3.4  X  10  a particles per ml. 
Phage  counts  and  turbidlmetxic readings were then  taken every  10 minutes.  After  45 
minutes, tube C received 0.2 hal. of the yeast fraction (340 ~, of N). 
Experiment  Staple 
A 
B 
C 
A 
B 
C 
!  ~ N yeast fraction 
per 10.0 ml. 
i 
340 at beginning 
! 340 after 45 min. 
i 
' 340 at beginning 
! 340 after 45 rain. 
Beginning 
of lysis 
mln. 
110--120 
5O-6O 
90-100 
100-110 
40-50 
8O-9O 
Of  virus 
liberation 
m/n. 
5O-6O 
5O-6O 
5O-6O 
40-50 
40-50 
40-50 
Virus l~tticles 
liberated 
per cell 
41 
34 
30 
51 
49 
53 
virus and yeast factor had  been added at the same time began to lyse in 50 
minutes.  The sample to which the yeast fraction was added 45 minutes after 
the virus began to lyse in 90 to 100  minutes.  The tube without yeast factor 
began to lyse  in 110 to 120 minutes.  This  experiment shows that the yeast 
factor does not have to be added at the same time as  the virus to influence the 
lytic reaction. 
Experiments were also carried out to determine whether  the yeast fraction 
could influence cellular lysis after phage formation had stopped.  Three tubes, 
A, B, and C, were inoculated with cells containing a very low multiple infection 
(about 1.3).  Tube B  also received the yeast fraction.  At 60 to 70 minutes, 
when tube B began to lyse and presumably virus formation had stopped, tube C 
received the yeast fraction.  Tubes A and C both began to lyse at 100 to 110 
minutes.  Experiments of this  type are difficult to interpret since the time at 486-  RELATIONSHIP BETWEEN  VIRUS RELEASE AND CELLULAR LYSIS 
which the control tube A began to lyse is about when one would have expected 
tube C to lyse if the yeast factor could influence the lytic process after virus 
formation had stopped.  The question whether the yeast fraction can influence 
cellular lysis after virus formation has stopped must remain open. 
DISCUSSION 
The experiments reported in this paper support the view that cellular lysis 
in the S. muscae system in synthetic medium of Fildes containing hydrolyzed 
casein may or may not accompany virus liberation depending upon the con- 
ditions employed in the experiment.  I  With a very low multiple infection the 
virus is released before the cells begin to lyse.  With a high multiple infection 
or with the addition of a yeast fraction to cells infected with a  low multiple 
infection, virus liberation is directly correlated with cellular lysis and occurs 
much sooner than the lysis observed in ceils infected with a low multiple infec- 
tion.  The results indicate that in a  high multiple infection it is the virus 
particle itself that accelerates the lytic process when compared to the lyric 
process observed in a very low multiple infection.  One interpretation of this 
result could be that the virus contains a lytic enzyme, and thus the cells infected 
with a larger number of particles would lyse sooner than a cell infected with a 
single particle.  Further speculation about the other points raised by these 
experiments does not appear advantageous at present. 
The r61e of the yeast fraction in cellular lysis is obscure at this time.  All 
that can be said is that it accelerates the lytic process under the condition of a 
very low multiple infection and does not affect the number of virus particles 
formed.  In such a system the effect of the yeast fraction on the lytic process is 
similar to the effect produced by the addition of more phage particles.  By 
adding different concentrations of the yeast fraction, it is possible to lyse the 
cells at varying times.  No matter when the cells lyse under these conditions, 
the yield of virus per cell is the same within experimental error.  The yeast 
fraction has no observable effect on the ceils in the absence of the virus. 
Under the above three conditions, i.e. cells infected with a low multiple infec- 
tion, cells infected with a  low multiple infection plus yeast factor, and cells 
infected with a high multiple infection, although the lysis time greatly varies, 
the final yield of virus per cell is the same within experimental error.  This 
result is further evidence for the theory that cellular lysis is an accessory phe- 
nomenon in virus formation rather than a process directly correlated with the 
increase in number of virus particles formed in the cell.  Evidence for such a 
1  This view also receives support by the following observation.  A low multiple in- 
fection of cells in the log phase, instead of in the physiological state used in the ex- 
periments described in this paper,  results in cellular lysis occurring at an earlier  in- 
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theory has also been obtained by Fowler and Cohen (3) working with the E. coli 
system.  These investigators found that the addition of certain amino acids 
would influence cellular lysis with little or no effect on the formation of the 
virus. 
The fact that the virus yield per cell is the same in cells which have such 
varying times of lysis indicates that virus formation proceeds up to a  certain 
point and then stops before the cells begin to lyse.  This observation may mean 
that there is some substrate in the cell, the exhaustion of which causes virus 
formation to stop.  The recent experiments on E. coli by Luria and Latarjet (4) 
using ultraviolet irradiation and by Latarjet (5) using x-rays could also be taken 
as evidence that there is some substrate in the cell, the depletion of which results 
in the cessation of virus reproduction. 
Methods 
The same S. muscae system was used as described  previously (1).  Bacteria and 
virus were grown and determined as described  earlier (2).  All calculations  of virus 
particles formed per cell under the condition of a multiple infection  are based on the 
phage counts after complete lysis had taken place according to the method of Dd- 
briick and Luria (6). 
The beginning of lysis as shown in Tables I to IV was determined by taking the time 
the first drop in turbidity was noted in the Klett-Summerson colorimeter.  Since all 
the cells were infected in these experiments, there was no cellular  multiplication and 
the turbidity remained constant until lysis occurred.  The time of lysis determined 
by the turbidimetric method corresponded to the time of cellular lysis observed under 
the microscope. 
Preparation  of the  Yeast Fraction.--30 gm. of Fleischmann's pure dry yeast type 
20--40 was suspended in  120 ml. of distilled  water and brought to 70°C.  The pH 
was then adjusted to 5.5 with glacial acetic acid.  The yeast was extracted 1 hour at 
70°C. and then faltered with suction.  The filtrate was dialyzed against a large volume 
of distilled water for 12 hours at 5°C.  Further purification of the active substance 
could be achieved by acid precipitation at pH 4.0, with the active compound being 
precipitated. 
This work was carried out with the technical assistance of Mr. M. Litovchick and 
Mr. E. Wenzlaff. 
SUMMARY 
1.  In the  synthetic  medium of Fildes  containing  hydrolyzed casein virus 
release is not correlated with observable cellular lysis under conditions of a very 
low multiple infection. 
2.  In cells with a  high multiple infection, lysis occurs much sooner than in 
cells with a low multiple infection and virus release is correlated with cellular 
lysis.  The experiments indicate that it is the virus particle itself which ac- 
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3.  A non-dialyzable fraction has been isolated from yeast, the addition d 
which results in cellular lysis occurring at a sooner than usual interval and being 
correlated with virus release in cells having a very low multiple infection. 
4.  By varying the concentration of the yeast fraction, it is possible to lyse 
the cells at varying times under conditions of a low multiple infection. 